EFFECTS OF TOPICAL PROSTAGLANDIN E2 ANALOGUE ON NORMAL HAIRLESS MOUSE EPIDERMAL DNA SYNTHESIS  by Lowe, Nicholas J & Stoughton, Richard B
THE JOURNAL OF iNvESTIGATIVE DERMATOLOGY, 68:134- 137, 1977 
Copyright (0 1977 by The Williams & Wilkins Co. 
Vol. 68, No. 3 
Printed in U.S A . 
EFFECTS OF TOPICAL PROSTAGLANDIN E2 ANALOGUE ON NORMAL 
HAIRLESS MOUSE EPIDERMAL DNA SYNTHESIS 
NICHOLAS J . LowE, M.B. , M.R.C.P .*, AND RICHARD B. SToUGHTON, M.D. 
Division of Dermatology, Scripps Clinic and Research Foundation, La Jolla , California, U. S. A. 
The in vivo topical effects of a synthetic analogue of prostaglandin E~ (15(S)-15-methyl 
PGE2 methyl ester LPGE~ analogue]), have been studied on the epidermis of hairless mice. 
One microgram of the PGE2 analogue increased DNA synthesis significantly by 5 hr, a 
maximum incr ease of 390% was reached by 12 hr, and DNA synthesis returned to control 
levels by 24 hr. Twenty micrograms of the PGE~ analogue reduced epidermal DNA synthesis 
for 12 hr after application, DNA synthesis was increased at 24 hr, returning to control 
levels by 48 hr. One hundred micrograms of topical PGE2 had no significant effect on epi-
dermal DNA synthesis over 48 hr, but 1 J.Lg of intradermal PGE~ increased DNA synthesis 
by 160% at 24 hr. These results suggest that topical 15(S)-15-methyl PGE2 methyl ester is 
biologically active compared with PGE2• 
Prostaglandins of theE series produce erythema 
when injected intradermaliy. but not when ap-
plied topically to unstripped skin [ 1). Prostaglan-
din and prostaglandin-like chemicals have been 
isolated from the epidermis following ultraviolet 
light (UVL) irradiation [2,3]. Eaglestein and 
Weinstein I4J showed that prostaglandin E2 
(PGE2) increased epidermal DNA synthesis after 
intradermal injection in human skin. The timing 
of the increased DNA synthesis was similar to that 
seen following UVL [5), producing a significant 
increase by 48 hr after the PGE2 injection, and the 
authors suggested PGE2 might be a chemical me-
diator for the UVL effect on DNA synthesis. The 
intradermal injection, by causing epidermal dam-
age, may have slowed the response of DNA syn-
thesis to PGE2 • Control subjects (treated with sa-
line only) showed a smaller rise in DNA synthesis 
at 24 and 48 hr. 
Snyder [6] showed that topical indomethacin, an 
inhibitor of P G synthesis, decreased UVL-induced 
erythema but did not affect the altered DNA syn-
thesis, even after repeated applications. Bern and 
Greaves [7] studied the effect of PGE 1 in vitro on 
mice epidermal cell cultures and found an increase 
in DNA synthesis as early as 1 hr after incubation 
with PGE 1• Several other forms of epidermal dam-
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age also lead to increased epidermal DNA synthe-
sis or mitotic index. Epidermal stripping, chemical 
irritants, incision, excision wounds, and friction 
[8-121 a ll produced a maximum increase of epider-
mal DNA synthesis or mitotic index that occurred 
after 24 to 48 hr. 
It has been found that 15(SJ-15-methyl PGE~ 
and other methyl PG analogues given by various 
routes of administration have a higher potency 
and a longer duration of action as abortifacients 
than their parent compounds. The addition of a 
methyl group in the 15-carbon position leads to a 
considerably longer half-life time. In addition , PG 
esters may be more slowly inactivated than the 
free acids l13]. It was t herefore of interest to us to 
study t he topical cutaneous effects of a 15(Sl-15-
methyl PGE2 ester analogue. 
The PGE2 analogue was found to produce ery-
thema in doses of 1 J.Lg and above in skin of hair-
less mice (N.J. Lowe, personal observations). Our 
results reveal that t he DNA response to this 
PGE2 analogue topically occurred earlier than the 
response found after intradermal injection of 
PGE2 and earlier than the reported increases 
after the various forms of epidermal injury 18- 12]. 
MATERIALS AND METHODS 
Hairless mice (strain HRS/J ) were used, aged ap-
proximately 3 months. The PGE2 analogue was 15(S)-
15-methyl PGE2 methyl ester. The structure of the 
PGE, analogue is shown in Figure 1 in comparison to 
PGE, . The prostaglandins were stored at - 4• C until 
use. Their purity was checked by t hin-layer chromatog-
raphy using the All solvent system 114 1, a nd they were 
diluted immediately prior to use with ethanol. Ten 
microli ters of the test solutions were applied to the 
necks of the mice. The animals were immobilized for 30 
min to prevent removal of the solutions; control a ni-
mals had 10 J.d of ethanol alone applied. The animals 
were injected with 25 ~Ci of tritiated thymidine (Amer-
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FlC. l. Structure of the prostaglandin analogue 
15(5)-15-methyl PGE2 methyl ester compared with 
PGE2 • 
sham/Searle; sp act 15.7 J.LCi/mM) intramuscularly into 
the right thigh and were sacrificed by ether inhalation 
1 hr after injection. 
nNA extraction from epidermis . The hydroxylapatite 
column extraction of epidermal DNA followed the pro-
cedure described by du Vivier et al 115]. The epidermis 
was removed from the dermis by placing the skin on a 
heated plate at 55"C for 2 min and scraping with a 
scalpel blade. The epidermis was homogenized with a 
Brinkmann PT10ST homogenizer. The amounts of 
DNA recovered by this method were measured in sam-
ples of normal epidermis . The mean recovery was 3.05 
(SE = 0.1) J.lg DNA per 1 mg epidermis I wet weight) (n 
= 25). Epidermal DNA synthesis was expressed as 
counts per min per J.lg DNA . 
Autoradiography. Biopsies were taken and fixed in 
10~ buffered formalin at the same time as epidermal 
sample were obtained for hydroxylapatite column ex-
traction of DNA. The biopsies were fiXed in neutral 
forma lin solution, sections were cut al4 IJ., deparaffin-
ized. and dipped in Kodak nuclear track emulsion 
NTB2. The dipped slides were developed after 2-week 
exposure in light-tight boxes at - 4" C, using Kodak Dl9 
developer. followed by Edwal Quick Fixer. The slides 
were s tained with hematoxylin and eosin and counted 
without knowledge of the status of the biopsy specimen. 
Epidermal cells containing more tha n 5 grains were 
counted in the interfollicula r epidermis and the label-
ing index expressed as the number of labeled cells per 
1000 epidermal basal cells. 
RESULTS 
Topical PGE~ Analogue 
Following application of 1 J.L.g/10 J.L.l of PGE~ 
analogue, epidermal samples were obtained at 1, 
5. 8, 12, and 24 hr. DNA synthesis increased signif-
icantly by 5 hr. Twelve hours after application 
there was a 390~ increase in the mean levels of 
DNA synthesis compared with the control group. 
Levels returned to normal by 24 hr. 
Autoradiograph of a biop~y taken 12 hr after 1 
J.L.g ofPGE~ analogue and a control autoradiograph 
are shown in Figure 2. Labeling indices show a 
good correlation with the specific activity and 
these results are summarized in Table I. No signif-
icant changes were seen in light microscopy of the 
specimens examined. ln particular, no cells simi-
lar to ''sunburn" cells were seen and there was no 
epidermal edema. Twenty ~-tg/10 J.L.l of PGE2 ana-
logue caused an initial reduction of epidermal 
DNA synthesis followed by an increase at 24 hr, 
returning to normaJ levels by 48 hr: 8-hr sp act (n 
= 4) 14.5 :± 6.3- p < 0.01; 12-hr sp act (n = 4) 25.3 
± 4.6- p < 0.01; 24-h.r sp act (n = 4) 74.1 ::t 11.4-p 
< 0.01; 48-hr sp act. (n = 4) 41.8 ::t 10.3- not 
significant (ns); control sp act (n = 8) 42.4 ::t 8.0. It 
is possible the initial reduction was a result of 
local toxicity. The mice all developed diarrhea 
which began 30 min after application and lasted 4 
hr, suggesting significant percutaneous absorp-
tion. 
Cutaneous erythema was similar with 1 J.L.g and 
with 20 1-Lg PGE~ analogue/10 J.L.l , beginning within 
15 min and lasting 5 hr. There were no wheals 
observed. 
I ntradermal PGE~ 
One microgram of PGE2 in 0.1 ml of normal 
saline was injected intradermally into the dorsal 
skin of the mice. Samples of these areas were 
taken at 12, 24, and 48 hr. Control mice were 
injected with 0.1 ml of normal saline and samples 
were also taken at the above times for measure-
ment of specific activity. The 12-hr samples 
showed a reduced DNA synthesis in PGE~u saline-
Za 
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FIG. 2. Autoradiographs of la ) control skin com-
pared with (b) 12 hr after 1 J.Lg/10 ILl PGE: analogue. 
Note increased labeled basal epidermal cells i.n (b). 
There were no significant histologic changes found on 
light microscopy ( x 240).Both biopsies taken 1 br after 
tritiated thymidine. 
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TABLE I. Measurements of epidermal DNA synthesis I specific activity) and number of labeled cells perlOOO 
epidermal basal cells rlabeling index) by autoradiography following 1 J.li! ofPGE" analogue(J5(SJ·l 5-methyl-PGE~­
methyl ester! topically to hairle.~s mouse 
Mean control values 
Time after 1 J.Lg PGE1 
analogue Chr) 
1 
Specific activity ::: SEM 
lcpm/J.Lg DNAl 
34.2::!: 5.7 
32.8 :!: 5.6 
p n 
20 
ns 4 
Labeling index ::: 
SEM p n 
105 ::!: 22.3 12 
108 ::!: 25.4 ns 4 
5 53.7:!: 6.4 < 0.02 9 
8 64.2 ::!: 5.7 <0.01 9 258 ::!: 23.1 < 0.01 6 
12 
24 
133.3 :!: 14.6 < 0.01 9 405 :!: 26.3 <0.01 6 
41.6 :!: 6.6 
ns = noi significant. 
TABLE 11. Measurement of epidermal DNA synthesis 
(specific activity! following intradermal injection o(l J.li! 
PGE~ in 0.1 ml normal saline or 0.1 ml normal saline 
compared u•ith noninjected control mice 
Time afi.er injection 
Specific activity 
::: SEM p Valu.e 
(cpm/ J.Lg DNA) 
Noninjected mice 44.9 ::!: 3.4 
n = 5 
12 Hr after PGE~ 29.2 :!: 5.1 < 0.05 
Saline 31.8 ::!: 5.8 <0.05 
n = 4 
24 Hr after PGE~ 64.2 ::!: 5.9 < 0.05 
Saline 40.3 :!: 5.4 ns > 0.5 
n=4 
48 Hr after PGEt 54.6::!: 6.5 ns > 0.05 
Saline 46.2 ::!: 8.1 ns > 0.5 
n = 4 
ns = not significant. 
injected sites. The 24-hr DNA synthesis was in-
creased in the PGE~ sites. These results are sum-
marized in Table ll. Local erythema was seen 5 
min after injection of PGE~, lasting for ap-
proximately 20 min. 
T opical PGE2 
One hundred micrograms of PGE~ in 10 J-Ll 
ethanol was applied t.o the mice skin. No erythema 
was observed. Samples were obtained at 8, 12. 24 , 
and 48 hr for measurement of epidermal DNA 
synthesis. There were slight increases in DNA 
synthesis at 12 and 24 hr but the increases were 
not statistically significant: 8-hr sp act (n = 4) 44.8 
± 3.6-ns; 12-hr sp act (n = 4) 58.4 ± 9.2- ns (p > 
0.2); 24-hr sp act (n = 4) 55.9 ± 6.2-ns (p > 0.5); 
48-hr sp act (n = 4) 43.4 ± 2.6-ns; control sp act (n 
= 4) 47.9 ± 3.1. 
DISCUSSION 
We have shown in the above experiments that 
epidermal DNA synthesis increases much earlier 
after the topical application of 1 J-Lg PGE~ analogue 
ns 6 145 :!: 22.8 ns 6 
than after 1 J-Lg PGE~ intradermaliy. The later 
response with the intradermal PGE~ may reflect 
damage to the lower epidermis after intradermal 
injection. The response of the epidermal cells to 
move into the S phase of the cell cycle may well be 
delayed, as for example with other forms of epider-
mal wounding and with some chemical inhibitors 
[16]. 
This may also explain t.be much earlier DNA 
increase seen with the PGE~ analogue compared 
with mice irradiated with UVL. After UVL, in-
creased DNA svnthesis is not seen until 24 hr and 
increases usuaJly over 48 hr. This pattern was 
found by Epstein et al 151, using hairless mice and 
UVB. Cripps et a! [17], using monochromatic UV 
radiation at 250, 280, and 300 nm. found the maxi-
mum increases of epidermal DNA synthesis at 24 
and 48 hr in rabbiLc;. 
It has been shown that prostaglandins of the E 
series and prostaglandin-like substances may be 
obtained from skin perfusates from 30 min [31 to 48 
hr [2] after UVL. It is likely any action of these 
endogenous prostaglandins on epidermal DNA 
synthesis is delayed after UVL, because the initial 
UVL effect is to damage the epidermal DNA. It 
may be that only when repair synthesis has been 
completed can any prostaglandin E effect on DNA 
synthesis be seen. 
In contrast with the studies of epidermal DNA 
synthesis after UVL [ 5,17]. and tape stripping ]8], 
we did not observe a significant reduction of DNA 
synthesis after 1 J-Lg topical PGE2 analogue. It is 
suggested that the initial depression seen after an 
epidermal insult results from nonspecific cellular 
damage. It may be that endogenous E prostaglan-
dins are released during this stage and that follow-
ing recovery of cell function they stimulate DNA 
synthesis in the epidermal cells. 
Our results showed that over the first 5 hr fol-
lowing 1 J-Lg topical PGE2 analogue, DNA synthe-
sis remained similar to the control values, sug-
gesting that the subsequent DNA synthesis in-
crease is due to a direct PGE2 analogue effect 
rather than the result of endogenous PGE release 
following epidermal damage. Bern and Greaves [ 71 
showed that prostaglandin E 1 produced an in-
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crease in DNA synthesis as early as 1 hr after 
incubation with mouse epidermal cells in vitro. 
Increased skin thickness was also noted after 4 hr 
in their epidermal cell cultu res. 
The abili ty of this prostaglandin analogue topi-
cally to produce erythema and an effect on DNA 
synthesis is of interest. The previous reports of the 
effects of PGE compounds on epidermal DNA syn-
thesis in vivo have been noted only after int rader-
mal injection [4j. The topical activity ofth is PGE2 
analogue may be a sign of greater stability, 
greater potency, greater percutaneous absorpt ion , 
or a combination of a ll these properties compared 
w.ilh PGE2• It is difficult. lo explain the increase in 
DNA synthesis on the basis of reported alterations 
in cyclic AMP in some tissues. In the epidermis, 
prostaglandins of t he E series have been shown io 
produce cyclic AMP accumulation 118]. Cyclic 
AMP elevating compounds [19] have been shown 
to lower epidermal DNA synthesis [20]. However 
the estimations of cyclic AMP in psoriatic epider-
mis, where epidermal DNA synthesis is increased, 
appear to have produced confl icting resul ts 121 ,22]. 
In other tissues, increased DNA synthesis has 
been as ociated with an increase in cyclic AMP 
levels. for example, in rat salivary glands follow-
ing isoproterenol injection 1231. 
Dr. J . Pike, Upjohn Company, Kalamazoo. Michi-
gan, generously supplied the PGE~ and PGE~ analogue. 
We thank Mr. Peter DeQuoy for his technical assif;t-
ance. 
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